It is argued that the customary, and rather tacitly taken for granted,
Preliminaries
There is a well known literature on issues such as : "are we alone in the universe ?", "how many civilizations are out there in the galaxy or beyond ?", and so on, see [4] and its references for some of the more recent such contributions. For convenience and brevity, and following the implicit suggestion of [4] , let us call such issues CCC.
One of the familiar arguments when debating CCC issues is that, quite likely, life and/or intelligence in Cosmos, if any to exists beyond Planet Earth, need not necessarily be confined to its forms known to us so far on our planet. And if such may indeed be the case, then quite obviously we can face a considerably difficult issue, having to search for, and eventually recognize what we quite likely have no absolutely any idea about.
In this paper, however, another limitation in debating CCC issues is addressed, one that, so far, appears to have been missed altogether. Namely, it is related to what may turn out to be the excessive limitations in our conditioning as manifested in our usual perceptions and conceptions of space and/or time. Fortunately, this second limitation can be clarified much more easily, since it can be formulated in rather simple mathematical terms which, even if only intuitively, happen to be familiar to all of us.
Walking Inside the Traditional Archimedean Trap
As it happens, rather by an omission or default, than by any more conscious and deliberate commission, all sides involved in CCC arguments and disputes, whether supporting or denying the uniqueness in Cosmos of life and/or civilization on Planet Earth, seem to take rather for granted a Euclidean sort of mathematical model of space-time, and on occasion, its general relativistic version.
Needless to say, there is in fact a strong motivation for such a position, since until the beginning of the 20th century, science, and in particular mathematics, did not know or care much about space-time structures which were not Euclidean, or at least, were not locally so.
A remarkable fact in this regard, hardly ever considered according to its possible relevant implications, is that an essential feature of such type of space-time structures is in their being Archimedean. And this feature may turn out to be highly relevant to the issues of CCC.
In the simplest, one dimensional case of a Euclidean space, namely, of the real line R, the Archimedean property simply means that there exists a positive real number u ∈ R, u > 0, such that for every real number x ∈ R, there exists a positive integer m ∈ N, m ≥ 1, with the property that mu ≥ | x |. Of course, we can for instance choose u = 1, or for that matter, any other strictly positive u ∈ R, u > 0. And then the Archimedean property simply means that, no matter where the point x would be on the real line R, we can in a finite number of steps walk past x, if we start at the origin 0 ∈ R, and our steps are of length u.
Needless to say, geometry, especially as practiced at its historical origins in ancient times, could only be of practical use if it assumed the Archimedean property for the real line.
This Archimedean property extends naturally to Euclidean spaces, that is, to finite dimensional vector spaces over the real numbers R. Indeed, on R n , with n ∈ N, n ≥ 2, we have the following natural partial order. Given x = (x 1 , . . . , x n ), y = (y 1 , . . . , y n ) ∈ R n , then
Now if we take for instance u = (1, . . . , 1) ∈ R n , then for every
In particular, the set C of complex numbers, which as vector space over R is isomorphic with R 2 , also enjoys the Archimedean property.
Here we should further note that, on top of the practical geometric considerations, there is a deeper, and purely mathematical reason for us humans having ended up historically with such a fundamental, and in fact, exclusive role played by the real line R in mathematics and physics. Namely, as is well known in algebra, R is the only linearly ordered complete field which is Archimedean.
Beyond the Archimedean Conundrum
As mentioned however in [3] , and in the literature cited there, recently there has emerged an interest in physics in considering mathematical models which use other scalars than the traditional real or complex numbers.
The reasons for such a venture may be numerous and varied. However, several pointers in this regard can be recognized as rather remarkable in being thought provoking.
One of them, of a markedly general and deep nature, is the question posed in [1] and asking how it comes that, so far, all the spaces used in physics, including general relativity and quantum theory, have a cardinality not larger than that of the continuum, that is, of the set R of real numbers ? After all, ever since Cantor's set theory introduced in the late 1800s, we know about sets with cardinals incomparably larger than that of the continuum. Not to mention that the cardinal of the continuum is merely one the smallest infinite cardinals, and in fact, it is but the very second one, if we accept the Continuum Hypothesis. Yet quite unfortunately so far, no one seems to be able to come forward with a credible answer to that question ...
A second pointer, perhaps somewhat more near to home, yet no less hard to disregard, arose in the 1960s, with the introduction of Nonstandard Analysis by Abraham Robinson. Motivated by the need to create a rigorous mathematical theory for the "infinitesimals" used so astutely and effectively by Leibniz in Calculus back in the late 1600s, Robinson constructed an extension of the real line R. This extension * R, called the nonstandard reals, is a linearly ordered field, just like R itself, however, it is -and as follows from the argument mentioned above, must be -non-Archimedean.
There have, of course, been several other candidates for sets of scalars which were suggested for use in the mathematical modelling of physics. Some of them are presented in the literature cited in [3] .
The remarkable fact in this regard, and so far often missed, is that there is an arbitrarily large pool of sets of scalars which could be taken in consideration for the mathematical modelling of physics. This variety, described in [3] , is given by a rather easy and ubiquitous mathematical construction. As it happens, this construction, in several of its particular instances, is already known by many in mathematics, with-out however the widespread enough realization of the existence of a deeper underlying and unifying method. Indeed, the very construction of the real numbers from the rational ones, according to the CauchyBolzano method introduced in the 1800s, is but one such instance, as it is the way metric spaces, or in general, uniform topological spaces, are completed in modern topology. That deeper underlying unifying method is called "reduced powers" in terms of Model Theory, which is a branch of Mathematical Logic. By the way, a particular and technically rather involved case of such reduced powers, called "ultrapowers", can be used in the construction of nonstandard reals * R as well. As for the more general "reduced powers", their construction and use is significantly simpler.
In general, the mentioned reduced power construction can lead to algebras A of scalars which, unlike is the case with both R and * R, are no longer fields. In other words, these algebras A have "zero divisors", which means that in such algebras, and unlike in fields, one can have elements a, b ∈ A whose product is zero, that is, a.b = 0, without a or b being zero. Consequently, in such algebras one cannot divide with every nonzero element. However, such a restriction is not strange at all, since the same happens already with usual matrices. Furthermore, and unlike with matrices, such algebras A, if desired, can be constructed so as to have a commutative multiplication.
A remarkable feature of such reduced power algebras A is that they contain "infinitesimal" type elements, and as a consequence, they also contain elements which are "infinitely large". This leads to the fact, just like in the case of the nonstandard reals * R, that such algebras A are non-Archimedean.
3. Universes within Universes ... ad infinitum ...
In order to have a somewhat easier understanding of the effects of the non-Archimedean property as they may relate to the issues of CCC, let us return to the simplest one dimensional case of the nonstandard reals * R, and use it as an intuitive mental model, rather than the more richly structured reduced power algebras. Fortunately however, for this purpose, we do not have to get involved with the often elaborate technical details of Nonstandard Analysis, which are quite considerable when compared with the general construction of reduced power algebras presented in [3] .
As noted above, the intuitive essence of the Archimedean property is that, in a finite number of steps, one can walk past every point in the respective space, no matter where one started to walk. In this way, an Archimedean space, like for instance the real line R, is but one single world.
On the other hand, in a non-Archimedean space, such as that of the nonstandard reals * R, or of the reduced power algebras, one is inevitably confined to a very small part of that space when walking any finite number of steps, with the steps no matter how large, but of a given length. It follows that non-Archimedean spaces, among them the reduced power algebras, contain many worlds which are inaccessible to one another by the mentioned kind of walking, or at best, one of them is accessible to the other, but only in a most limited manner.
Let us try to clarify somewhat more this issue of accessibility, without however getting involved here in technical complications. For convenience, we denote by W W u, x the part of the non-Archimedean space, be it * R or a reduced power algebra A, which can be accessed from a given point x through walking a finite number of steps of size u > 0. Of course, it is easy to see that if we take any point y ∈ W W u, x , then
Further, it follows easily that the nonstandard reals * R and the reduced power algebras A do in fact contain infinitely many disjoint "walkable worlds" W W u, x , each two of them being inaccessible to one another.
And as if to add to the surprises and wonders of such non-Archimedean spaces, such worlds W W u, x can not only be outside of one another, but they can be nested within one another in infinitely long chains. This is but a simple and direct algebraic effect of the fact that some "infinitesimals" can be infinitely larger, or for that matter, infinitely smaller, than other "infinitesimals". Similarly, some "infinitely large" elements can be infinitely smaller, or alternatively, infinitely larger than other "infinitely large" elements.
For instance, in the case of the nonstandard reals * R, let us take
R, yet it is known that W W u, x is but a tiny part of the whole of * R. In fact, if we take v ∈ * R \ R, then again W W u, x W W v, x , with the former being but a tiny part of the latter. Furthermore, the latter is still a tiny part of the whole of * R. And as it happens, each of the walkable worlds W W u, x , no matter how one would choose u, x ∈ * R, is but a tiny part of the whole of *
R.
Added to this comes the story of infinitesimal walkable worlds. For instance, if we take u = 1, v = ǫ, x = 0 ∈ * R, where ǫ > 0 is a nonstandard positive infinitesimal, then W W v, x W W u, x , and the former is again only a tiny part of the latter. However, we can take both u, v > 0 to be positive infinitesimal, and we can further assume that v/u is itself an infinitesimal. In that case we shall again have W W v, x W W u, x , with the former once more but only a tiny part of the latter.
In the case of the nonstandard reals * R, we can conclude as follows. Given u, v, x, y ∈ * R, u, v > 0, the corresponding walkable worlds W W u, x , W W v, y can be in one and only one of the next three situations :
in which case, either
Furthermore, the situation at 2) does happen infinitely many times, and in particular, each walkable world W W u, x is merely an infinitesimal part of the whole of * R. As for the situation at 3), the respective nestings of walkable worlds have infinite length.
Needless to say, in the case of reduced power algebras which, as mentioned, have a richer structure than the nonstandard reals * R, the above three situation manifest themselves in yet more complex ways.
Do We Live in One Universe ? Are the Quanta the Smallest Possible Entities ? And what about Time ?
It is quite remarkable, although often missed to be noted, or in fact simply disregarded, that much of classical mechanics is subjected to what is called Dimensional Analysis, [2] . In other words, all respective physical entities can be defined in terms of only three fundamental ones, namely, length, mass and time. Furthermore, in terms of the respective definitions, all the corresponding physical entities are elements of scaling groups, which means that there is no natural, unique or canonical way to choose their units, and on the contrary, those units can be chosen arbitrarily, and merely upon convenience.
This clearly implies that each of the three fundamental physical entities is supposed to belong to an Archimedean space, namely, R in the case of length and time, and [0, ∞) R, in the case of mass.
As for quantum mechanics, such an approach is of course no longer accepted, due to the radically different assumption of the existence of minimal values for various physical entities involved, values called the respective "quanta".
And yet, the passing from classical mechanics to quantum mechanics has not led to the abandonment of the Archimedean assumption. And the fact is that, as things stand so far, it did not have to do so.
Indeed, all what happened was that in the case of quantized physical entities, corresponding intervals of real numbers were simply excluded from the real line R. For instance, let q > 0 be the quantum quantity for a certain physical entity, then instead of the respective quantity being able freely to range over the whole of R as it may happen in classical mechanics, now it is only allowed to do so over the discrete subset of R, given by Zq, that is, the integer multiples of q.
Given such a state of affairs, including in general relativity and quantum mechanics, it is no wonder that in cosmology we still assume, even if not explicitly and up front, that real, physical space is exhausted by R 3 , or rather, by some curved general relativistic version of it, while real, physical time is like R. In other words, we still think within the limitations of a one world Archimedean world view ...
And then the question arises :
• What if indeed we may in fact live in non-Archimedean worlds, be it space-wise, or time-wise, or for that matter, in both of these ways ?
And if it may happen that we do live in such non-Archimedean worlds, then the respective alternatives 1) -3) in section 3 may actually apply. Not to mention that in case reduced power algebras more rich in structure than the nonstandard reals may be adequate for modelling physics, yet more complex alternatives could be encountered.
And quite clearly, the mentioned alternative 2) already bring in a dramatic situation related to CCC. Indeed, it is hard to imagine what kind of communication may ever take place between two such disjoint walkable worlds, be they disjoint space-wise, time-wise, or in both of these ways . The fact is that, those among us who have for a while been working in Nonstandard Analysis, or with reduced power algebras, do not feel anything strange about the kind of rather complex compartmentalization of walkable worlds described in 1) -3) in section 3.
And needless to say, Nonstandard Analysis has during the last four decades proved its remarkable value both in mathematics and its applications, among the latter, stochastic analysis, [5] .
As for various reduced power algebras, beyond the scalar ones used in [3] , they have over the last more than four decades proved their utility in solving very large classes of earlier unsolved linear and nonlinear PDEs, [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] . Indeed, such reduced power algebras can give an infinitely large class of differential algebras of generalized functions, each containing the Schwartz distributions. The respective differential algebras of generalized functions, and among them in particular, the so called Colombeau algebras, proved to be able to provide for the first time in the literature suitable generalized solutions within a systematic nonlinear theory of generalized functions, a theory not available within the classical Sobolev or Schwartz linear distribution theories.
